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2 02 FSAE Structural Equivalency Spreadshe & (SES), includes Impact Atten @ator Document (IAD) Ste é Tube 1.4

There are two versions of the 20 2 3ES: Ste ¢ Tube and Monocoque/ Hybrid/ Non-Ferrous.

Aluminum equivalance may be used in the Steel Tube SES for Anti-Intrusion, EV Rear Impact, or Accumulator Containers and Mounting.

Steel can be used for any part of the frame in the Monocoque/ Hybrid/ Non- Ferrous SES.

F.3.4.2 - Any and al dteel grades are assigned the same material properties. No material properties for dif drent grades may be used in the SES.

Teams using multiple chassis in one season: Com ment below the SES submission with a link to the SES for the second chassis, before the Action Deac

Only cells of this color can be edited. Enter all values as positive numerals.
Drop down options can be identified by the heavy border. Delete wi | klear the entry.
Each entry, each category, each tab, and the entire sheet are coded as one of the following: EQ CHECK - N/ A
The status of some cells depends on entries in other cells.

SELECT YOURUNITS. The entire SES will be completed in either mm or Inch. Inch tubing can be entered in mm, and vice versa.

Keep a copy of the rules open to reference rule numbers directly whi elfi ling out the SES.

Fill in all sections on AL LTABS. Start with any drop downs in the top left corner of each tab.

Replace example images with your own clear, undistorted CAD, showing all required dimensions in a moderate fi esize. Each SES file 2 $1b max.
Read the ad dtional guidance on the right side of this she ¢.

F.2.2.1 SES forms must be completed and submit ad by all teams no later than the date specified in the Action Deadl nies on the specific event website.
DR.3.2.1 Submission of late, blank, incomplete, or previous car's SES will incur a competition point penalty.
DR.3.1.2.b Do not submit an updated document after the deadline without having the previous document rejected.
DR.3.1.2.b Submit a comment requesting a rejection on your team's SES page on fsaeonl| nie.com.
DR.3.1.3 Please respond quickly to requests for revisions or clarifications. Submissions or comments on FSAEonl nie.com wi kend a notification to your reviewer.
IN.8.1 Bringan ELECTRONIC copy of the ap poved SES to Tech Inspection. It is your responsibi tly io bring a functioning, charged tablet or laptop. Bring backups.
IN.1.4 Ap poval of an SES does not guarantee passing Tech Inspection. The final decision about all designs wi bd made at Tech Inspection.



University Name BLANK
Team Name BLANK Japan

Competitions May IC JurelC June EV Japan | EQ -

Car Numbers
Team Contact(s)
Email Addres ¢es)

Faculty Advisor Email Ad dess Chas s Rules Powertrain
| | Select Drop Down | Select Drop Down

Overall Re ay to submit eview?

SRR RN NG ERRY BLANK BLUE: NO. BLANK ENTRY. INCOMPLETE. CHECK AL LTABS.

SR RISV TnVEIe BLANK This will not change until all required entries are filled out. Check all tabs.
SRS IRl BLANK Incomplete submis sons will incur a penalty.

F.3.4.3 Welded Inserts =] WA\N[

F.5.12 Bolted Members [Mz]WA\[4

Oth & Equivale rce
202 2SES

SKY: YES. RULES EQUIVALENCE.
Document is re dy for review. Double check triangulation.

She éprotection must still be active when submitted, or the SES will be rejected.
YELLOW: YES. CHECK ADDITIONAL EQUIV A ENCIES. \
Some entries require additional tubes or documentation. |
Once these are ad @d, document is re dy for review.

mm . Units

BLA NK



Fro hHo o ({H)

BLANK Front Hoop (FH)

F.5.7.3 The FH runs from the lowest frame member on e &h side.
F.5.7.2 The FH may be multiple pieces.

F.5.2.3 Side view bends must be met with a triangulated FBHS or SIS tube. REPLACE THIS EXAMPLE WITH YOUR OWN CAD. Turned steering wheel at max
Include all required dimensions. radius must be below top of FH.
oo
F.5.7 Front Ho @ (FH) Minimum Tube Used EQ
F.3.2.1.c Example: 25mmx 2.5m mround Size A Round EQ
F34.1la Wal thicknes ¢ 2 mm
Outer Diameter (OD): 25 mm )
Wal thicknes < 20 m o i e
Outer Diameter (OD):  25.0 mm 10 degrees max rearward
Tube cros ssectional are dA): 13 mnm2 2 above Upper SIS without
Tube second moment of inertia (I): 1 128 mm4 rear Roll Hoop Bracing.
BLANK
F.5.7.4 Turned Steering Wheel minimum below FH top:{ ~ [mm BLANK U —
inimum 25mm x 1.2mm (1in x .049in).
BLANK

F.5.75 FH to Steering Wheel gap <=250mm(9.8in)]  |mm

FH side angle above Up r SIS< =2 (degre &:
~u/- 20 dggreqsmat
side view angle at

any height.
F.6.35 FHrearward le a above Upper SIS< =1 Qorbraced:| |

Rearward Front Ho @ Brace is not required.

TONT—=FZATFTIT KYBNZE
250mmELF

25 6m FH
EZE208ELLT




Fro h Bulkhead Su p po(FBHS), Fro hHo o Braces (FHB)

BLANK

F.6.2 Front Bulkhead Sup prt (FBHS) Minimum Tube Used EQ
F.3.2.1.b Example: 2 54mm x 1.2mm round Size C Round EQ
F.3.4.1.c Wall thicknes s 12 mm

Outer Diameter (OD): 25 mm

Wall thicknes s 12 mm

Outer Diameter (OD): 2 9 mm
Tube cros ssectional are gA): 91 mm~2
Tube second moment of inertia(l): 6 63 mm~4

BLANK
F.6.2.3.a Topof FBtoUp r FBHStube, 50mm vertical limit | |mm

F.6.2.3.ab FBHS configuration: A

Top of Up er FBHS tube relative to top of Up er SIS tube:|] Above EQ
Without Re aFHB, vertical limit 10 @m above: BLANK

Rearward Front Ho @ Brace is not required.

F.6.3.4 Top of FH to top of FHB tube, 50mm vertical limit | |

F.6.3 Forward Front Ho @ Braces (FHB) Minimum Tube Used
F.3.2.1.d Example: 2 54mm x 1.6mm round Size B Round
F.3.4.1b Wall thicknes s 12 mm
Outer Diameter (OD): 25 mm
Wall thicknes s 12 mm
Outer Diameter (OD): 2 9 mm
Tube cros ssectional are gA): 12 mm~2
Tube second moment of inertia (I): 8 590 mm~*4
Rearward Front Ho @ Brace is not required.
EQ
F.6.2.3.b Rear Front Bulkhead Sup prt (FBHS) Minimum Tube Used N/A
F.3.2.1.b Example: 2 54mm x 1.2mm round Size C Round N/A
F.3.4.1.c Wall thicknes s 1.2 mm N/A
Outer Diameter (OD): 25 mm N/A
Wall thicknes s 1.2 mm N/A
Outer Diameter (OD): 2 2 mm N/A
Tube cros ssectional are gA): 91 mm~2 N/A

Tube second moment of inertia (I): 6 63 mm~*4 N/A

FHB: 50mm (2in) max below

top of FB and top of FH.
FHB
Highlight/trace/color-code —~—
Upper and Lower FBHS.
LOWER

No limit on number or size of triangles
between Upper and Lower FBHS.

LOWER

Upper and Lower FBHS may

have multiple braced bends. FHB

99

+100mm (4in) / -50mm (2in)
at Upper SIS.

Rear FHB

Rear FHB

A,B,C

A FHB FBHS Upper

B C FBHS Uppmer FHB
Rear FHB




Side Impact Structure (SIS)

F.6.44b F.6.41 Up per SideImpact Structure (SIS) Straight . . ,
F6.4.4h Minimum Tohe Used Include all required dimensions.
F.3.2.1.e Example: 25.4mm x 1.6m mround Size B || Round Highlight/tmosifoolor codie \lpper-and Lower SIS
F34.1b wal thicknes ¢ 1.2 12 hm Bent Upper 515 must use larger tube whether bent in top or side view.
Outer Diameter (OD): 25 35 nm
Wal thicknes ¢ 1.2 12 m
Outer Diameter (OD):  25.0 3D pm Diagrsal Side Hinpact Metiher
Tube cross sectional area (A): 14 127 phm2 [
Tube second moment of inertia(l): 889 | 1828 phm4 \pper Side Impact Merahee '

In'urnplrht]y in @ome)

Top surface of Lower SIS to Lowest Up [rSIS point >=24 @nm nm BLANK R
Top surface of Lower SIS to Highest UpperSIS point <=32 thm nm BLANK b
Highest and lowest are on the top and bot dm of the Upper SIS tubg 0 mm BLANK
ructure.
F.6.4.1 Lo verand Diagonal SIS Minimun Tube Psed
F.3.2.1.e Example: 25.4mm x 1.6mmround Size B || Round
F.3.4.1b Wal thicknes ¢ 1.2 mm BLANK
Outer Diameter (OD): 25 nm BLANK
Wal thicknes ¢ 12 — mm BLANK
Outer Diameter (OD):  25.0 mm BLANK
Tube cross sectional area (A): 14 mm2 BLANK
Tube second moment of inertia(I): 8 B9 mm4 BLANK

T.2.42 F.3.2.1j Lapand sub belts at achments must be located on minim

Up per SIS
Up per SIS




Lap and Sub Belt At @chment
e

T.24.2 F.3.2.1j Minimum Lap/Sub Belt Tube Minimum Tube Used

F.3.2.1.) Example: 25.4mm x 1.6mm round Size B Round
F.3.4.1b Wal thickness: 1.2 mm BLANK
Outer Diameter (OD): 25 mm
Wal ﬂhicknesi: 1.2 mm TU b e SES
Outer Diameter (OD):  25.0 mm BLANK
Tube cros ssectional area (A): 12 mmA~2 BLANK
Tube second moment o finertia (I): 8509 mm~4 BLANK

Double shear at achments are prefer &d.

0.6 Same Bracket
.3.d ae = oNa mm

mm
mm
mm
mm

oter ratio >=1.5:
Bracket at @chment:| Welded
ab to tube welding must be on both sides of the tab.

mlz#ET S




Main Ho o {VH), Sh

BLANK
F.5.8.1 Main Hoop (MH) Minimum Tube Used
F.3.2.1.g Example: 25m mx 2.5mm round Size A Round
F.34.1.a Wall thicknes s 2 mm
Outer Diameter (OD): 25 mm
Wall thicknes s 2.0 mm
Outer Diameter (OD): 25.0 mm
Tube cross sectional area (A): 173 mn2
Tube second moment of inertia (I): 113 P mnm4
BLANK
F.6.5 Shoulder Harness Bar (SH) EQ
Minimum Tube Used
F.3.2.1.k Example: 25m mx 2.5mm round Size A Round
F.34.1.a Wall thicknes s 2 mm
Outer Diameter (OD): 25 mm
Wall thicknes s 2.0 mm
Outer Diameter (OD): 25.0 mm
Tube cross sectional area (A): 173 mn2
Tube second moment of inertia (I): 113 P mnm4
Shoulder Harnes sBar does not require braces.
EQ
F.6.5.2.b Brace angle to plane of SH side view >= 30:|:ldegrees N/A

F.5.2.3 The plane of a bent tube is defined by the straight axes on either side of the bend.

Shoulder Harnes sBar does not require braces.

EQ
F.6.5.1 Shoulder Harness Braces Minimum Tube Used N/A
F.3.2.1.] Example: 25.4mmx 1.2m mround Size C Round N/A
F.3.4.1.c Wall thicknes s 1.2 mm N/A
Outer Diameter (OD): 25 mm N/A
Wall thicknes s 1.2 mm N/A
Outer Diameter (OD): 25.0 mm N/A
Tube cross sectional area (A): 91 mn2 N/A
Tube second moment of inertia (I): 6695 mnm4 N/A

F.5.8.3.a
n Hoop angle from vertical above Upper SIS, in side view, < =10:
F.5.8.2 Main Hoop Braces may run forward or rearward.

Main Hoop direction above Up er SIS, in side view: EQ

degrees BLANK

F.5.8.3.c

Main Hoop direction below Up fer SIS, in side view: EQ

Main Hoop side angle from vertical below Upper SIS: degrees BLANK
BLANK

F.5.8.4 Distance between Main Hoop ends, > =38 enm (15")[  |mm BLANK

F.5.2.1 Enter the tightest bend on any T.5-6 tube in the chassis (usually in the MH or SH.)

F.5.2.1 BLANK

BLANK

Minimum tube centerl nie radius:
Outer Diameter (OD):
Minimum radius: diameter ratio, >=3:

older Harnes Bar (SH)

Main Hoop and Shoulder Harness Bar are one piece, no cyfs.
All bends centerline radius = 3 x OD.

Shoulder Harness Braces
must run back to the
Main Hoop.

Min 30 degree side view. '

All side-view bends in
the Main Hoop must
be braced to an MHBS

Above U r 515:
i NODE.

Good, but not
required for
nodes to meet
front-view bends.

Max 10 degrees
forward or rearward.

(side view.)

Below Upper 515:
No limit forward.
10 degrees max rearward.

Braces react the moment from
the belts. Wider angle, more
perpendicular, lower moment.

Min 30 degrees between
plane of SH and Braces.

[

Min 380mm (15")

MH
MH

R
SH Bend Tube
Brace

'|

Lad
tween bottom ends.

/N




Main Ho o Praces (MHB), Main Ho o Brace Su p p(MHBS)

-

Main Hoop Braces may ru nforward or rearward.

BLA Rosur
F.5.9.2 Main Hoop brace direction:| Rearward EQ ELE BEZE10ELLT
F595 Angle between MH and MHB > 30 degrees: degrees

BLANK 160mmLLTF

F5.94 Top of MH of MHB tube, 160mm vertical limit] ~ |mm BLANK

BLANK

F7tvb®&H5SH
i i 4R T308ELL.
HUNER

F59.1 MainHo @Brace (MHB) Minimum Tube Used EQ g 3
F.3.2.1.h Example: 25.4mmx 1.6mmround SizeB | Round EQ /—FOIREIL%
F34.1b Wal thicknes s 1.2 mm
Outer Diameter (OD): 25 mm
Wal thicknes s 1.2 mm
Outer Diameter (OD):  25.0 mm
Tube cros sectional area(A): 1% mm'2
Tube second moment of inertia (I): 850 ! mm4
BLANK
F.6.6 MainHo @ Brace Support (MHBS) Minimum Tube Used EQ
F.3.2.1i Example: 25.4mmx 1.2mmround SizeC | Round EQ
F34.1c Wal thicknes s 1.2 mm
Outer Diameter (OD): 25 mm MH MHB
Wal thicknes s 1.2 mm MH MHB
Outer Diameter (OD):  25.0 mm
Tube cros sectional area (A): 91 mn2

Tube second moment of inertia (I): 669 ! mm4




Helmet Clearance, Fuel System (IC)

BLANK
F.5.6.3.a Helmet > =5 @nm (2in) below Rol Hoop plane:l  [mm BLANK -
D=
BLA g
- - L -
F.5.6.3.bc Main Hoop Braces protecting Helmet:] Re award % X
F.5.6.3.bc Helmet >=50mm (2in) below MH to bot dm of MHB: mm BLA 2
_\,/ ¥
Strongly prefer ed: Locating the fuel fill tube on the opposite side of the exhaust. =N
IC.1.2 Fuel system inside tire envelope?
F9.1 Fuel system above bot dm surface of chassis?

-uel system including fi | kube inside triangulated structure below 3 Bmm?

MH FH
MH MHB
MH MHB



Head Restraint

T.2.8.4 He d Restraint > =0 from rollover envelope: mm BLANK
F.5.10 Head Restraint Protection Hoop Used?| Select Drop Down: [EIWNNIS
F.3.2.1.h Example: 2 ¥mmx 1.6m mround Size B Round N/ A
F.34.1b Wall thicknes ¢ 1.2 mm N/ A
Outer Diameter (OD): 25 mm N/ A
Wall thicknes ¢ 1.2 mm N/ A
Outer Diameter (OD): 2 9 mm N/ A
Tube cros ssectional are aA): 12 m 2 N/ A
Tube second moment of inertia (I): 8509 mm4 N/ A
G3 SES Head Restraint
Prote tion
G3 G5 Main Ho @ F1.13

REAR OF MAIN HOOP

G2

HRP Head Restraint
Prote ¢ion

»

MH TO STRUCTURAL TRIANGLE /

/ MH TO HEAD RESTRIANT PROTECTION
G5

G3

Vg

A

MH TO HEAD RESTRIANT PROTECTION
G4

HELMET: MH TO MHB BASE -50mm

Head Restraint

HEAD RESTRIANT: MH TO STRUCTURAL /
G5

HELMET: MH TO MHB BASE -50mm
HR: MH TO PROTECTION TO STRUCT

HELMET: MH TO MHB BASE -50mm
HR: MH TO PROTECTION TO STRUCT




Rear Wing Mo utimg

BLANK
F.5.11 Re aWing chassis mounting locations: Select drop down:
Number of fasteners per wing mount, chassis side:
F.5.11.2.b Wing Mount Braces Minimum Tube Used
F.3.2.1.0 Example: 2 %¥mmx 1.2mm round Size C Round
F3.4.1c Wal thicknes ¢ 1.2 mm
Outer Diameter (OD): 25 mm
Wal thicknes ¢ 1.2 mm
Outer Diameter (OD): 2 3 mm
Tube cros ssectional are gA): 91 mmA2
Tube second moment of inertia (I): 6 63 mm~4
F.5.11.2b Calculation of buckling strength of MHB tube.
F.3.4.2 Yield Strength (Sy): 3.0 E+08 Pa
Main Ho @ Brace Outer Diameter (OD): 0 mm
Main Ho @ Brace second moment of inertia (1): mm~4
Main Ho @ Brace Length (Main Ho @ to MHBS) (L): mm
Wing Mount distance to closest MHB end (a): mm
MHB Max Moment Load (Sy*L*1)/ (a*(L-a)*OD/ 2): N
Failure mechanism:l Select drop down: | N/A A STRONGLY PREFERRED
lbs N/A Single fastener at each node, rotationally free.
0 N/A No failure force required.

Mounts rearward of the MHB assembly are completely unrestricted

B NOT RECOMMENEDED
- Mounts in the middle of the MHB or MH require a brace between the two.
All fasteners or mounts on a side must fail simultaneously below the MHB buckling force.

Rear Wing Type-A
Typ e- B/ C/ D) c NOT RECOMMENEDED - GUSSET MAY BE REQUIRED

Multiple fasteners within 1x outer diameter of the node.
All but one fastener must fail simultaneously below the MHB buckling force.

_ D NOT RECOMMENEDED
Multiple fasteners along the MHB.
Brace required between MH and MHB at rearmost fastener.

All fasteners not located at the MH-MHB node must fail simultaneously below the MHB buckling force.



Fro h& Rear 3 / 3D CAD

-
1.Bmi
25mm x 1.8mm
|~
XASI~FEDOLNI-Tiz
Include a legend with a di{erent color for each tube size and style.
Use the same color for all th\bes smaller than 25mm (1in) diameter = 30mm
or 1.2mm (.047in) wall thi These are i d non-
structural (T.2.5.4). Consider n\aking them semi-transparent. Indlute a legend with & ditterent color tor each lube size and style.
o0 Use the sgme color forall tebes smaller than 25mm | Lin) diameter or
1.2mm (.047in) wall thi Thesc are i structurs]
(T.2.5.4). Considrr making them semi-transparent.
A
\ i

\ \Z
| CV EV Ac amulator Container

2 5nm 1.2mm




Bent Tubes

Top View

F.5.2.3 - Bent tubes need to be considered in 3 dimensions.

The plane of a bent tube is defined by the straight axes on either side of the bend.

Braces must be within 30 degrees of the plane of a bent tube.

Only front-view bends of the Roll Hoops are exempt from bracing.

Only braces for top-view bends of the Upper SIS are exempt from the 30 degree requirement.

30

\
™

|FeH

\

tmg M

el -

1
Most required tubes carry axial load in a front or rear impac
In a bend, the load has to change direction.
A brace is needed for stiffness and strength.
The closer to the plane, the more effective the brace.

—

BmEO
RLES

7

'\l

FREENAS
@

——
PLANE
e Note: braces within 30° of one
/__)// \ 30° max from PLANE automatically meet this requird
PLANE = — REPLACE THIS EXAMPLE WITH

BEND Only braces > 20 degrees out of plane nee:

30
3D-CAD

T~

8

53 - i R @ [ - B/
|t T®
[@iizarine

B 12.25deg
26k 12.19mm
T X 12.19mm
I Y: 0.00mm
T Z 0.16mm

774 )VFrame Rearbulckhaed 1 30 (LAPTOP-
SREKLSU0 MER& I - 2018-04-27) SLDPRT &
3:Frame Rearbulckhaed 1 30 (LAPTOP-
SROKLSUO (ERSIL - 2018-04-27) SLDPRT
774V Frame Rearbulckhaed 1 30 (LAPTOP-
8REKLSUO MERE T - 2018-04-27) 1747 571
)LRV?D‘/DI]I)

t

v

Support Pipe




GR.1.4 - Go d Engine ang Practice

Up per SIS
2 54mm

The impactor will be held \I'E'l'tilﬁ“? and seek to intrude into the frame horizontally between the ground and the maximum
upper 515 height per rule F.6.4.4,

The top of the impactor will not be raised above the maximum upper SIS Height per

Any non-structural tubes per F.3.3 will be ignored.
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Ac @ mla or SI dPeotectio n
Tractiveand HV s | dietectio nEV o ly

Rear Inact P otectio nEV 0o ly



Ac gmulator Side Protection

BLANK Ac amulator Side Protection,
SIS
F.1 12.1.a Accumulator Side Protection Minimum Tube Used

F.3.2.1.m Example: 25.4mm x 1.6m m round Size B Round
F.3.4.1b Wal thickness: 12 mm BLANK
Outer Diameter (OD): 25 mm BLANK
Wal thickness: 1.2 mm BLANK
Outer Diameter (OD):  25.0 mm BLANK
Tube cros ssectional area (A): 1 % mmA2 BLANK
Tube second moment of inertia (I): 8509 mm~4 BLANK

ACC Side Protection

T.1.6 He &ainsulation requirements ap py at operating and failure temperatures.
T.1.6.3.b An air gap noles ghan 25mm is required betwe @ the ac amulator and the driver's se &

T.1.6.3.b Air gap to driver's seat > =225mm: mm BLANK

Top surface of Lower SIS to top Acc Protection > =2 mm: mm BLANK




Tractive and HV Side Protectio n

Tractive and HV Side Protection (EV Only)

Side Protection 35 6hm

F.1 12.1.a From the side, below 350mm, al HV components must be protected with an upper tube,
alower tube, and a diagonal tube or tubes completely triangulating the upper and lower tubes.

BLANK

F.1 12.1.b Tractive Side Protection Minimum Tube Used EQ
F.3.2.1.n Example: 2 m mx 1.2m mround Size C Round EQ
F.3.4.1.c Wall thickness: 1.2 mm
Outer Diameter (OD): 25 mm
Wall thickness: 1.2 mm
Outer Diameter (OD): 25.0 mm
Tube cross sectional are aA): 91 m "2
Tube second moment of inertia(I): 6 63 m 4
MHBS FBHS

®2 54mm t=1.2mm

GND

F.11.2.1.bThe entire top edge of the up @rtube must be at le at 24 @m above
the lowest point of the top surface of the Lower SIS tube.

BLANK
EV motor location: Select Drop Down
Top surface of Lower SIS to top HV Protection >=2 &mm: mm




Rear Impact Protection

F.11.2.2 Fromthere & below 3 5rm, all HV components must be protected with an upper tube,
alower tube, and a diagonal tube or tubes completely triangulating the upper and lower tubes.
Triangulation may be asymmetric.

If a plate replaces al thre dubes, it must fully overlap the tractive side protection tubes.
F.1 12.2.aIncre ge from Size Cto Size Bif the ac amulatoris < 1 Omm(3.9 3if) from the re aimpact .

Rear Impact Protection 35 hm

BLANK
F.1122.a Min distance from Accumulator to Re almpact? mm BLANK
Accumulator Rear Impact Protection Minimum| Select Drop Down BLANK r

F.3.2.1.m Example: 2 54mm x 1.6m mround Size B Round EQ GND
F.3.2.1.b Wal thicknes < 1.2 mm

Outer Diameter (OD): 25 mm *

Wal thicknes < 1.2 mm
Outer Diameter (OD): 25.0 mm
Tube cros ssectional area (A): 114 mm2
Tube second moment of inertia (I): 8 B9 mmm4 ®2 54mm t=1.6mm

F.1 12.2.bThe entire top edge of the up r tube or plate must be at le at 2 4mabove
the lowest point of the top surface of the Lower SIS tube.

BL AK
Top surface of Lower SIStotop & almpact > =2 4rim:; mm BL AK



Rear Impact Protection

Rear Impact Protection Replace

F.1 12.2.bThe Rear Protection must be fully triangulated to the rest of the frame with structural tubing.
If a plate replaces all thre eubes, 4x 30kN or 8x 15kN mounts are required.
Bolted joints must be documented if a removable panel or tube is used.

F.11.2.2.a
F.3.3-5
F.3.4.2

BLANK
Rear Impact Tubes Replaced: 0
Material: ~ Ste ¢
Young's Modulus (E): 2.0 &+11
Yield Strength (Sy): 3.0 E+08
Ultimate Strength (Su): 3.6 E+08

0.0 &+00
0.0 &+00

Mount longitudinal Edge to Moment of Inertia Centroid (R): 15 0

Buckling Modulus
Critical Strength
Bending
Deflection
Energy

Dif Mou nt

E 1% 1<= E 2 2: 0.0 &+00
S 1*A 1< =S 2*A_2:
4*S 1*|_1/r< =4*S 2% 2/t
Bending_1/(4 8El):
0.5*Bending”2/ (4 8El):

Rear Bulkhead

Pa
Pa
Pa
Pa

mn2
mm4
mm

include all required dimensions.

ntial mounts used
ice a rear impact

I\l | are expected to
I\l ~25mm beyond a

I\ menocoque

SN\ @: top and bottom.

25mm E )

Plates replacing all
three tubes must
fully overlap side

tractive protection.

Ax 30kN or 8x 15kN
mounts required.

Minimum Moment of Inertia (1)
may not be same place as minimum

2l




F.3.4.3 Welded Inserts
F.5.12 Bolted members



Welded Tube Insert

Ste @in gRack Pa s
4

1. AIP Insert
2. Remo wab & Tube
3. EV Ac amulator

Select Dr o po wn

Yes

Yes

ASSEMBLED TUBE + HOLE

Any removable members along
required tubes?

Select Drop Down v /]

Any holes over 4m mdri édJin
F.3.2.1 required tubes?

| Select Drop Down vy |

AIP Inserts: No
Removable Tubes: No
EV Ac amulator: No

Does the ste eing rack inter upt
any required tubes?

Select Drop Down v




Welded Tube Insert

REJECT EQ

Note: You m's Modulus is given in MPa, not Gpa.

Minimum  Tube With Hole
F3.21 * TUBE + HOLE
Tube Insert
Material:  Steel Steel
Original tube:[ Size A [ Round
F.3.4.1 Wal thickness: 2

Quter Diameter: 25
Tube cross sectional area (A_1): 1.73E+02 -
Tube second moment of inertia (I_1): 1.13E+ &3 == ===
F.3.43 Tube with Hole cross sectional area (A_8):
Tube with Hole second moment of inertia (1_8):
Insert/ Collar cross sectional area (A_2):
Insert/ Col aF second moment of inertia (1_2):
F342 F.353 Young's Modulus (E): 2.00E+ % 200tk Ra

Unwelded Yield Strength (Sy): 3.05E+08 3.05E+08 Pa
Unwelded Ultimate Strength (Su): 3.65E+08 3.65E+08 Pa

Welded Yield Strength (Sy):  N/A 1.80E+08 Pa

Welded Ultimate Strength (Su):  N/A 3.00E+08 Pa
Buckling Modulus E_1*|_1<=E 2*|_ 2 + E 1*|_3:
Yield Sy 1*A 1< =Sy 2*A 2+ Sy 1*A_3:
Ultimate Su_1*A_1< =Su_2*A_2+ Su_I1*A_3:
Bending #Su_1*|_1/r <= 4*(Su_2*|_2+ Su_1*I_3)/r:
Deflection Bending_1/ (48*El):
Energy 0.5*Bending”2/ (48*El):

INSERT




Bolted Members

Main Ho @ Brace Bolt

Double Lug Joint

BLANK
Bolted Members Used?

Select Drop Down 4

Yes

Sle ved But tloint 2

Figure — Double Lug Joint

Figure — Sleeved Butt Joint

Figure — Double Lug Joint

Capping Plate
r

~elle

/8 In pin 3/16'In min

Capping Plale

3/8 in 1.LD. Tubing
welded inlo ends
of stay

Figure — Sleeved Butt Joint

Mn

dn |
6{5}
1

| |6mm (1/4 in)




Bolted Members
e

Double Lug Joint Sle eved But tJoint

F5.1 22 Bolted Connection:| Select drop down:

F.5.3.1 Al flasteners for removable tubing require crush bushings through the tubes.
Inserts are not mandatory for outside sle ges and lugs for removable tubing.
F.5.1 24 Double lug joints must include caps on tabs at both ends.

F.5.1 23a Lug thicknes s> =4.5mm (0.1 7ii) steel: mm N/ A
F.5.1 23b Perpendicular dimension > =2 5 m (1lin): mm N/ A

F.5.1 25 Double lug joints require a pin or fastener > =1 @ m Grade 9.8 (3/8in Grade 8).

F.5.1 27 Sle ®ed butt joints require 4X pins or fasteners > =6mm Grade 9.8 (1/4in Grade 8).
F.5.4.3 Anybolted non-suspension member must have an edge: distance ratio > =1.5.

Dimensions shown above from the edges of the holes to the end of e &h tube/tab > =1.5 x diame

F.5.4.3 Hole diameter / fastener size: mm N/A
Distance to tube edge: mm N/ A
Distance to tab edge: mm N/ A

Minimum edge: diameter ratio > =1.5: N/ A



